Abstract: Nonvitamin K antagonist oral anticoagulants, previously referred to as novel oral anticoagulants, have emerged in recent years as attractive treatment options for acute pulmonary embolism (PE). However, despite the widespread anticipation by physicians and the approval of rivaroxaban, apixaban, dabigatran, and more recently edoxaban, there is still some reluctance to choose these newer agents over conventional treatment with heparin/vitamin K antagonists. Acute PE puts a considerable strain on emergency departments, and medical staff rely on efficient diagnosis and risk assessment to manage the condition appropriately and economically. Rivaroxaban and apixaban offer a convenient and cost-effective single-drug therapeutic approach. The ease of administration and drug management may enable earlier discharge and outpatient treatment in low-risk patients and alleviate the demands put on emergency-care infrastructures. This review discusses the current guidelines and anticoagulation options in the emergency setting for patients with acute PE and explores the reasons for the slow transition from old to new treatment options.
Introduction
Acute pulmonary embolism (PE) is a potentially life-threatening medical emergency that requires urgent intervention. 1 Patients with PE have a case fatality rate of 7%-11%, 2 a fact that must be borne in mind by the health care professionals involved at all stages of patient care, including the primary care practitioner, emergency physician, and continuing care doctor. Health care providers should be aware that their patient is at risk of PE and should take the appropriate steps in delivering preventive and therapeutic care. In most cases, PE is a consequence of a deep vein thrombosis (DVT). It has been shown that >80% of patients with proven PE have a residual DVT 3 and >50% have an acute proximal DVT associated with PE. 4 Acute treatment of venous thromboembolism (VTE; comprising DVT and PE) and its secondary prevention are traditionally based on parenteral heparin overlapping with and followed by an oral vitamin K antagonist (VKA). elevated d-dimer (1.1 μg/mL fibrinogen-equivalent units). A computed tomography pulmonary angiogram shows bilateral PE, and a Doppler ultrasound of her lower limb shows a clot extending to just above the popliteal vein of the injured leg. Traditional care includes a package of low molecular weight heparin (LMWH), an oral VKA, and a hospital admission of up to 5 days until her anticoagulation is regulated. A junior doctor suggests outpatient treatment with a NOAC. You know this would suit the patient because of her domestic responsibilities in caring for her mother, and it would also be in line with hospital protocols, but you have not treated someone as an outpatient before. Is it really cost-effective? Is it safe? What about the lack of reversibility? Is it time for a change from conventional treatment to new options? What advice does she need about returning to contact sports?
Risk assessment of PE
Adequate risk stratification is important to prevent PE-related morbidity and mortality as well as unnecessary treatment. All patients with PE require rapid risk stratification, according to the expected PE-related risk of early death, to guide the ED physician on the most appropriate intervention strategy. The Pulmonary Embolism Severity Index (PESI) and the simplified PESI (sPESI) are established assessment tools. 8, 12, 26, 27 The negative predictive value of the sPESI score has shown its utility in a post hoc analysis of the EINSTEIN PE study data. Of the 4,831 patients classified using sPESI, 9.7% had a score of ≥2, whereas 53.6% and 36.7% had scores of 0 and 1, respectively. Patients with an sPESI score of ≥2 demonstrated a higher rate of all-cause mortality and adverse events within the first 30 days. 28 
Returning to our case
According to the sPESI criteria, this patient is likely to be considered to be at low risk (≤80 years of age, no known cancer, no chronic heart failure or pulmonary disease, pulse rate <110 beats/min, systolic blood pressure ≥100 mmHg, arterial oxyhemoglobin saturation ≥90%).
12
Guidelines on the emergency treatment of acute PE
The 2014 ESC guidelines for the diagnosis and management of acute PE discuss risk-adjusted strategies for PE management. 12 The ESC suggests that parenteral anticoagulation should be initiated while awaiting the results of diagnostic tests in patients with high or intermediate clinical probability of PE, such as the patient case presented in this article. Parenteral for routine coagulation monitoring. In addition, unlike heparin, NOAC use is not associated with the development of thrombocytopenia. 11 The purpose of this review is to assess NOAC use in the treatment of patients with acute PE in the emergency department (ED) setting. The use of rivaroxaban and apixaban in a single-drug approach for the treatment of acute PE is highlighted and compared with the dual-drug approach of dabigatran and a parenteral agent. Risk assessment and diagnostic approaches, current guidelines, and relevant clinical study data are discussed, in addition to the pros and cons of the available anticoagulants and possible reasons for a slower-than-expected transition from conventional to newer therapies.
Methods
The current European and North American guidelines for the treatment of VTE were reviewed, including those of the European Society of Cardiology (ESC), 12 National Institute for Health and Care Excellence, [13] [14] [15] [16] American College of Chest Physicians (ACCP), 8 and Summary of Product Characteristics for each NOAC, [17] [18] [19] [20] in addition to all relevant published randomized Phase III clinical studies of the NOACs. [21] [22] [23] [24] [25] Other references were sourced via PubMed searches using the search string (oral anticoagulant AND pulmonary embolism AND [emergency OR acute medicine OR ambulatory]). The results were filtered to ensure that only references from the past 10 years were included and were further refined by a manual review of each abstract.
Setting the scene
A 28-year-old woman presents to the ED. She complains of pleuritic left-sided chest pain for the past 24 hours that is getting worse. There is an associated shortness of breath. She sustained an undisplaced fracture of her distal fibula in a hockey match 3 weeks before the onset of symptoms, for which she has been placed in a below-knee plaster cast. She has been nonweight bearing. Her physical examination is normal except for a relative tachycardia at 88 beats/min. Her only medication is the oral contraceptive pill. She smokes ten cigarettes per day. She lives with her mother who has mild dementia. Her electrocardiograph and chest X-ray are unremarkable, and no evidence of right ventricular dysfunction or myocardial damage is found in the corresponding test. The patient's history establishes no evidence of an inherited blood clotting disorder; therefore, no genetic analysis is conducted to assess for Factor V Leiden thrombophilia and/or prothrombin G20210A. Blood tests are normal except for an 
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New treatments for pulmonary embolism VKA might be the best option for patients with CrCl <15 mL/ min), practical aspects (fixed drug regimen of NOACs vs routine anticoagulation monitoring and dose adjustment for VKAs), and patient satisfaction (eg, improved length of hospital stay for patients hospitalized for VTE taking NOACs vs enoxaparin/ VKA). [29] [30] [31] All NOACs have been demonstrated to be costeffective options for the treatment of patients with acute PE. [13] [14] [15] [16] Returning to our case
The clinical profile of the patient described in the case scenario allows for treatment with a VKA or any of the NOACs, and therefore, personal preferences would have to be explored. The benefits of not having to return to an anticoagulation monitoring service with NOACs may suit this patient's domestic situation. The discussion may further include education on the generic risks of anticoagulation and the importance of checking comprehension before discharge.
The ESC further recommends that patients at a low risk of mortality according to PESI (and sPESI) score be considered for early discharge and continuation of treatment at home, assuming proper outpatient care and anticoagulant treatment can be provided. 12 The ACCP states that at-home treatment of acute PE, either without hospital admission via discharge from the ED or with admission and early discharge, is feasible with LMWH. 8 However, further trials are necessary to define the criteria that allow early discharge and home treatment in such low-risk patients. A recent post hoc analysis of EINSTEIN PE data stratifying clinical outcomes by sPESI scores supported the use of sPESI to identify lowrisk patients. Rivaroxaban demonstrated equally effective treatment to standard therapy for low-and high-risk patients with a potentially better safety profile. Offering rivaroxaban from the beginning of treatment instead of a parenteral agent could simplify hospital-to-home transition. 28 For most cases of suspected acute PE without hemodynamic compromise, initiation of parenteral anticoagulation is recommended without delay. LMWH or fondaparinux, given subcutaneously at weight-adjusted doses without monitoring, is the treatment of choice unless there is severe renal dysfunction. 12 Caution is also required when administering anticoagulant therapy to pregnant or elderly patients and to children. 8, 12, 32 The 2016 ACCP guidelines recommend rivaroxaban as an alternative treatment option to initial parenteral anticoagulation for the treatment of acute PE. Furthermore, LMWH or fondaparinux is recommended over intravenous UFH or subcutaneous UFH. 8 anticoagulants, including intravenous unfractionated heparin (UFH), subcutaneous LMWH, or subcutaneous fondaparinux, can induce an immediate state of anticoagulation. 12 Owing to their relatively lower risk for major bleeding and heparininduced thrombocytopenia, LMWH or fondaparinux is preferred over UFH for initial anticoagulation in PE. However, a short half-life, ease of effect monitoring, and rapid reversal by protamine render UFH the preferred parenteral anticoagulant in patients with severe renal impairment (creatinine clearance [CrCl] <30 mL/min) or severe obesity, or in those who may undergo reperfusion. 12 For patients with high-risk PE and shock or hypotension, the ESC guidelines recommend that intravenous anticoagulation with UFH be initiated without delay and thrombolytic therapy be initiated unless contraindicated or failed, in which case surgical pulmonary embolectomy or, alternatively, percutaneous catheter-directed treatment should be conducted. 12 For patients with intermediate-or low-risk PE without shock or hypotension, the ESC guidelines recommend anticoagulant treatment based around a parenteral treatment followed by a VKA, with NOACs as an alternative option. The recommended dosing regimens for the different NOACs are as follows: rivaroxaban 15 mg twice daily for 21 days followed by 20 mg once daily, apixaban 10 mg twice daily for 7 days followed by 5 mg twice daily, dabigatran acute-phase parenteral anticoagulation for 7 days followed by 150 mg twice daily (or 110 mg twice daily for patients ≥80 years of age or under concomitant verapamil treatment), and edoxaban acute-phase parenteral anticoagulation for ≥5 days followed by 60 mg once daily. In the emergency setting, patients with PE may have received initial therapy with heparins; however, switching to NOACs is straightforward. Rivaroxaban, apixaban, dabigatran, and edoxaban can be started around the time of the next scheduled administration of the parenteral anticoagulant. For continuously administered parenteral products, rivaroxaban and dabigatran should be administered at the time of discontinuation of the parenteral agent (there is no specification available for apixaban). [17] [18] [19] [20] According to the relevant Summary of Product Characteristics, rivaroxaban, apixaban, and edoxaban are not recommended for patients with CrCl <15 mL/min and dabigatran is contraindicated in patients with CrCl <30 mL/min (Table 1) . [17] [18] [19] [20] Contraindications common for rivaroxaban, apixaban, dabigatran, and edoxaban are listed in Table 1 .
The choice of whether to use a VKA or NOAC is based on many factors, including the clinical profile of a patient (eg, a 
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Ryan Anticoagulant treatment in patients with PE is intended to prevent the recurrence of VTE. There is a general consensus that treatment should last for at least 3 months. The decision on whether and how long to maintain therapy beyond this period is based on a more comprehensive patient assessment. 8, 12 The ESC guidelines recommend VKA-based treatment for 3 months in patients with provoked PE. The guidelines also state that NOACs should be considered as an alternative to a VKA (except for patients with severe renal impairment) if extended anticoagulation treatment is necessary. The assessment of patients with unprovoked PE identifies patients at a higher long-term relative risk of recurrence, based on the number of previous venous thromboembolic events experienced, and the presence of antiphospholipid antibody syndrome, hereditary thrombophilia, and residual thrombosis in the proximal veins. Patients with unprovoked PE should be treated with a VKA for at least 3 months. Indefinite anticoagulation treatment should be considered for patients with a first unprovoked proximal DVT or PE and a low risk of bleeding. 
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New treatments for pulmonary embolism
The ACCP recommends a treatment period of 3 months for PE that is provoked by surgery or by a nonsurgical transient risk factor. For a first PE that is unprovoked, extended therapy is suggested if the bleeding risk is low or moderate; 3 months' therapy is recommended if the bleeding risk is high. If the first PE is associated with active cancer, extended therapy is recommended and LMWH is suggested over a VKA. Both VKAs and LMWH are recommended over rivaroxaban or dabigatran.
8,33
Management of bleeding and laboratory testing of NOACs All anticoagulants carry a risk of bleeding, and management of bleeding events is broadly similar regardless of anticoagulant used.
In patients with normal renal function, surgical procedures with standard bleeding risk should be delayed for 24 hours. In patients with impaired renal function and/or procedures with a high risk of bleeding, a delay of 2-6 days should be considered, depending on which NOAC is used. 34 In the case of life-threatening bleeding, administration of hemostatic procoagulant agents -prothrombin complex concentrate, activated prothrombin complex concentrate, or recombinant activated Factor VII -may be considered. 35 In addition, absorption of dabigatran can be reduced by administering activated charcoal shortly after ingestion, or it can be removed from the blood via hemodialysis. 36 Idarucizumab -the first clinically (US Food and Drug Administration) approved reversal agent for a NOAC -is an antibody fragment that inactivates the dabigatran molecule by binding to its thrombin-binding site and is given intravenously as a one-off dose. 36, 37 Other reversal agents are currently in premarketing clinical studies and claim to offer effective reversal of Factor X inhibitors (andexanet) and NOACs in general (PER977). 36, 37 Andexanet alfa binds the Factor Xa inhibitors as well as heparin-activated antithrombin, thereby inactivating the anticoagulant. It could potentially act as a reversal agent for all anti-Factor Xa NOACs, heparin, and fondaparinux. A Phase II study in healthy volunteers has demonstrated improved laboratory parameters. 36 ,38 PER977 has been developed as a reversal agent for heparin and fondaparinux, but has also shown activity against the NOACs, including dabigatran. 36 Available real-world evidence on bleeding events after NOAC treatment indicates that rivaroxaban-related bleeding may be lower than or similar to bleeding after VKA treatment. 39 , 40 The recently completed XALIA study, for example, has assessed the safety and effectiveness of rivaroxaban for the treatment and secondary prevention of VTE. A numerically lower proportion of major bleeding events were demonstrated for rivaroxaban versus standard of care (0.8% vs 2.1%) in the propensity score-adjusted population. 40 Further data from studies evaluating the safety of NOACs are highly anticipated.
NOACs do not require routine coagulation monitoring. However, a rapid assessment of the patient's coagulation status may be helpful in emergency situations, such as hemorrhage or overdose, and before urgent surgery. Tests are available that can be used to measure the plasma levels of NOACs or their anticoagulant activity. The thrombin clotting time assay can be used to measure dabigatran, whereas anti-Factor Xa assays can measure the plasma concentrations of rivaroxaban and apixaban. The prothrombin time assay (when used with a sensitive reagent) may indicate the presence or absence of a clinically relevant anticoagulant effect of rivaroxaban, but international normalized ratio must not be used. 34, 41 When interpreting test results, blood sampling time in relation to tablet intake must be considered. 42 It is important to educate patients discharged from the ED on NOAC therapy, the generic bleeding risks of anticoagulation, the options for bleeding management, and the need for caution when participating in activities where falls or a direct trauma is a possibility.
What the evidence tells us: Phase III clinical studies for the treatment of acute PE
There are a few Phase III clinical studies that have assessed anticoagulants in a PE-specific population. Matisse-PE and EINSTEIN PE are the two most recent studies in this area. The Matisse-PE study assessed fondaparinux versus UFH for the 3-month incidence of the composite end point of symptomatic, recurrent PE (nonfatal and fatal) and new or recurrent DVT, 43 whereas EINSTEIN PE assessed rivaroxaban for a period of 3-12 months. 21 In the open-label Matisse-PE study, a total of 2,213 patients were randomized to receive either fondaparinux or UFH. 43 In both groups, treatment was transitioned to a VKA for 3 months. Fondaparinux was noninferior to UFH for the primary efficacy end point (3.8% vs 5.0%; 95% confidence interval [CI] −3.0-0.5). 43 Both treatment groups had a similar incidence of principal safety outcome events, namely, major bleeding during the initial treatment period (1.3% vs 1.1%; 95% CI −0.7-1.1) and death during the 3-month study period (5.2% vs 4.4%; 95% CI −1.0-2.6). 
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Ryan rivaroxaban or enoxaparin/VKA therapy. 21 Rivaroxaban was noninferior to enoxaparin/VKA for the primary efficacy end point, defined as symptomatic recurrent VTE (2.1% vs 1.8%; hazard ratio [HR] 1.12; 95% CI 0.75-1.68; Table  2 ). Although the rates of major and nonmajor clinically relevant bleeding events (principal safety outcome) were similar in both treatment arms (10.3% vs 11.4%; HR 0.90; 95% CI 0.76-1.07; P=0.23), the rates of major bleeding were significantly lower with rivaroxaban compared with enoxaparin/VKA (1.1% vs 2.2%; HR 0.49; 95% CI 0.31-0.79; P=0.003). Importantly, rivaroxaban was also associated with lower rates of intracranial hemorrhage. 21 Unlike the EINSTEIN trials, the Phase III studies of other NOACs (apixaban, dabigatran, and edoxaban) have enrolled mixed populations of DVT and PE patients when assessing these agents for the treatment of acute VTE. [22] [23] [24] [25] Nevertheless, studies with apixaban and edoxaban have published efficacy and safety outcomes of PE-only populations, and a pooled analysis of the dabigatran studies has published efficacy outcomes for the PE populations included in the respective trials (Table 2) . 22, 24, 25 Monotherapy with apixaban was noninferior to enoxaparin/ warfarin for the primary efficacy end point, defined as the composite of recurrent symptomatic VTE and VTE-related death (2.3% vs 2.6%; HR 0.9; 95% CI 0.5-1.61; Table 2 ). 22 The rates of major bleeding (principal safety outcome) were significantly lower in the apixaban group compared with the enoxaparin/warfarin group (0.4% vs 2.8%; no HR or 95% CI given; Table 2 ). In the dual-drug Hokusai-VTE study, edoxaban was noninferior to warfarin for the prevention of recurrent symptomatic VTE (primary efficacy end point; 2.8% vs 3.9%; HR 0.73; 95% CI 0.50-1.06) ( Table 2 ). 25 The rates of major plus clinically relevant nonmajor bleeding (principal safety outcome) were similar in both treatment arms (10.1% vs 11.2%; no HR or 95% CI given). Furthermore, in a pooled analysis of the dabigatran trials, the rates of recurrent symptomatic VTE and VTE-related death (primary efficacy outcome) in patients with symptomatic PE were similar in the dabigatran and warfarin treatment groups (2.3% vs 2.6%; no HR or 95% CI given). 24 No safety outcomes were reported for the PE population in this study.
The Phase III trials with the NOACs differ with regard to many aspects of study design, including once-daily or twice-daily oral dosing, initial parenteral anticoagulation, and differences in exclusion and inclusion criteria (Table 3) . In short, rivaroxaban and edoxaban were given once daily (after an initial 21-day period of twice-daily dosing in the case of rivaroxaban), whereas apixaban and dabigatran were given twice daily. [21] [22] [23] [24] [25] 44 The Phase III studies with rivaroxaban and apixaban used single-drug therapy, whereas dabigatran and edoxaban followed a dual-drug approach with initial anticoagulation with heparins before initiation of the study drug. An open-label study design was utilized for rivaroxaban, whereas a double-blind design was employed for apixaban, dabigatran, and edoxaban. [21] [22] [23] [24] [25] 44 The treatment duration was 3 months, 6 months, or 12 months with rivaroxaban, 21 ,44 6 months with apixaban 22 and dabigatran, 23, 24 and 3-12 months with edoxaban. 25 The proportion of patients with unprovoked VTE was also different across the studies. In the AMPLIFY study, 89.8% of patients presented with unprovoked VTE, whereas this group accounted for 
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New treatments for pulmonary embolism only 62.0%, 64.5%, and 65.7% of patients in EINSTEIN DVT, EINSTEIN PE, and Hokusai-VTE studies, respectively. 21, 22, 25, 44 In the pooled analysis of RE-COVER and RE-COVER II, 35 .6% of all patients had an unprovoked episode. 24 Ultimately, these differences between the studies of NOACs prevent accurate head-to head comparisons of outcomes. The most suitable NOAC for each patient should be selected individually by considering the clinical profile of the patient, the pharmacological profile, and contraindications of the NOAC (Table 1 ) and patient preference.
Discussion
Economic and infrastructural pressures on hospitals often disproportionately affect the ED, and excessive lengths of hospital stay for patients admitted through the ED, some of whom could have their care safely delivered in the community, increase this pressure further. Increasingly, EDs are being asked to identify opportunities to reduce admission rates without compromising the delivery of safe and effective health care.
In the ED setting, physicians are familiar and comfortable with prescribing traditional parenteral anticoagulants for the treatment of acute DVT or PE. For many years, the standard therapy has been weight-adjusted dosing with parenteral heparin overlapping with and followed by an oral VKA. 5, 7 A critical threshold of high-quality evidence for treating PE with NOACs has been established in recent years. [21] [22] [23] [24] [25] Rivaroxaban, apixaban, dabigatran, and edoxaban offer alternative treatment options for PE and have many well-described advantages over conventional therapies. Convenient administration and a fixed daily dosing regimen, in particular, can simplify patient management and may render outpatient treatment more practical. 11 Rivaroxaban and apixaban may be particularly suitable candidates for early discharge and outpatient treatment owing to their single-drug-based therapeutic approach, for which no bridging is necessary between acute and longer term treatment.
Despite the advantages of NOAC-based anticoagulant therapy, adoption of NOACs has remained slow for DVT/PE treatment and prevention. Different reasons for a slow transition have been outlined in the treatment of nonvalvular atrial fibrillation and are likely to be applicable to other indications. The main reasons include cost-benefit issues and a perceived failure to live up to the expected ease of use. 45 Despite some evidence of a long-term financial advantage of NOAC therapy, the initial cost difference between NOACs and warfarin (ie, a few euros vs a few cents per day) seems to influence choice at the prescribing level. Although ease of use is often advocated, important classes of drugs interfere with NOACs via interaction with cytochrome P450 3A4 and P-glycoprotein, including drugs used in cardiology (verapamil) and HIV treatment (ritonavir). [17] [18] [19] [20] NOACs are contraindicated/not recommended for pregnant women and for the pediatric population, owing to the lack of relevant clinical data. Dose reduction for elderly patients without comorbidities is recommended for dabigatran but not for other NOACs. [17] [18] [19] [20] Finally, the lack of reversal agents, together with missing experience in dealing with overdoses or impaired excretion, adds to the reluctance to switch to a NOAC. 45 Understandably, choice of anticoagulant is a difficult decision for health care professionals: do you stand by the 'better the devil you know' maxim and opt for conventional therapy, or choose the new drug that sounds promising but might bring different drawbacks from those linked to conventional treatment?. In some cases, including the PE case study presented earlier, the prospect of a simple, noninvasive, home-based treatment that might enable early discharge makes NOACbased therapy appealing. In this case study, a patient with a low-risk PE is taking care of a disabled family member; therefore, the initial cost associated with the NOAC may be 
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Ryan compensated for by both early discharge and a reduced burden on health care resources (both by the patient and potentially by the mother if she was left without care). Drug-drug interactions do not seem to be relevant in this case, and the risk of developing a major bleeding event is insignificant. Because NOACs have a relatively short half-life, there is no pressing need for antidotes, and alternative means of treatment are available in the unlikely event of life-threatening bleeding. Thus, a large proportion of patients with low-risk PE now have a new treatment option that suits their lifestyle and domestic responsibilities. The lives of patients undergoing treatment for PE no longer need to be dictated by treatment regimens. A new alternative embracing suitability, education, and arrangements for continuity of care can be delivered in a short time frame in the ED setting, facilitating earlier discharge.
In the century of personalized medicine, the choice of optimal treatment is one in which patient phenotype and medical history represent a significant part of the decisionmaking process. Careful assessment of all available treatment options is key for advancing medical practices and enhancing performance of the public health system.
